A description is given of a new, wide beam saddle field sputter source used for the preparation of targets applied in nuclear physics experiments. The.
. Introduction
The usefulness of sputtering as a method for the deposition of thin films used in nuclear target development is well established. The early use of small, inexpensive saddle field ion sources employed for sputtering has been described previously [1, 2, 3] . We present here a description of a new, compact wide beam saddle field sputter gun which can be utilized for the production of the targets needed for nuclear physics experiments. This wide beam sputter source is particularly suited to recent efforts involving target thinning and ion etching. Studies involving deposition rates obtained using this source with various materials will be given and compared with results obtained with fine beam saddle field sources being carried out at other target laboratories [4].
2.

Description of the Wide Beam Saddle Field Ion Source
The principle of operation of saddle field ion sputtering is the cold cathode discharge of inert (or reactive) gas at low pressure (5-8x1 0'4 torr)
without the need for a magnetic field. When a high voltage discharge occurs through this gas, a plasma is created. The plasma is confined within the source by an electric field, which is formed symmetrically about the specially shaped central anode. shown is the water-cooled version which allows for reduced heat radiated to the target and substrate under extended operation. Figure 2 gives the overall dimensions of the wide beam sputter gun.
The scarce is mounted in an aluminum holder positioned at an angle of 30 degrsss with respect to the plane of the sputtering target. The angle was chosen cn scornmendations from the supplier and based upon previoLs work with saddle-field sources for the production of nuclear targets [1, 3, 4] . Although the yield will vary with incident angle of the sputtering ion, no attempt has been m z d e to investigate maximum yield vs. angle of incidence for this source.
The source is adjustable in distance from the sputter target along aluminum rails maintaining this angle. Under normal operation the source to target distance is approximately 5 cm. The substrate, a backing foil mounted on a standard ATLAS target frame, is positioned 2 cm above the sputter target. Although the angular distribution of the sputtered material may vary considerably based on the energy of the sputtered beam as well as the material being sputtered, no effort was made to position the substrate so as to maximize collection of the sputtered material. For the determination of the deposition rate, a small, carefully weighed glass disk is used as the substrate. A photograph of this sputtering arrangement is shown in Figure 3 . An attractive feature of this inexpensive set-up is that it is mounted completely on a vacuum feed-thru ring which is incorporated into the vacuum evaporator for use and removed when no longer needed.
3.
Operational Characteristics
In most respects this wide beam source is identical to the fine beam sputter source, the major difference being the larger beam aperture. The source specifications given by the manufacturer are for 5 kV operation with a plasma or source current of 2 mA. Under these conditions, the ion current obtained is about 100 uA with a gas pressure of 5~1 0 '~ torr and 150 Vsec pumping speed. The operational characteristics, however, vary considerably and will be discussed in detail.
I
Beam Spot Size
The main motivation behind developing this source technology in the Ar! aszlysis of the ion beam spot size under these conditions, using thin gold and nickel films reveals a somewhat gaussian shaped intensity distribution with the highest intensity contained within the central 2mm of the beam. A scan of the beam profile is obtained using the film thickness of the sputtered foil determined by alpha particle energy loss measurements. These scans are shown for foils of original thickness before sputtering of 3 rng/cm2 for Au (Fig. 5) and Ni (Fig. 6) , respectively.
Gas Handling
The sputter source is operated within a vacuum chamber employing a CTI Model CryoTorr-8 cryopump with a pumping speed of 1500 Vsec for nitrogen. This is an order of magnitude better than that specified in the product literature [6] . We find satisfactory operation of the source with a system pressure of 5 -8~1 0 -~ torr, again an order of magnitude different than the manufacturer's specifications [6] . Due primarily to the increased pumping speed, the ultimate vacuum improves during initial operation of the source. This then requires periodic gas flow adjustments which is reflected in the measured beam current.
Although we have begun preliminary investigations involving reactive gases the research described here concentrates on use of the noble gases. For the sputter yield studies, a partial pressure of 1 -2~1 0 '~ torr of argon was used. Similar conditions were required for ion milling operations using krypton.
Beam Current Mea suremen ts
The symmetrical geometry of the saddle field source also produces a rear directed beam which is collected by the monitor plate. This aluminum monitor plate is connected to an ion current monitor with the beam current displayed on the power supply panel. Only a small part of the beam is collected on the monitor plate, as the beam exits through the 1.5 mm diameter rear cathode. The ratio of the geometrical areas of the front to rear cathodes is approximately ten. In addition, only a fraction of the true beam intensity is reflected by the ion current monitor since the neutral content of the beam is not .measured. For ion milling applications, the total beam intensity (ions+neutrals) must be taken into account as the momentum of the neutrals is similar to that of the ions and provide a subst determined from etching rate fine beam saddle field ion neutral mri-iGonent of the b total beam intensity. ntribution to the sputtering yield as rements [8] . From data published for the apolated to these operating levels, the imated to be approximately 20% of the Ncrrnzl operating parameters for the wide beam source used an acceierE.ting aotential of 8 kV with a plasma currsnt of 2 mA. Under these conditiors, icn currents of about 40 uA were achieved. Figure 7 shows plots of ion current vs. accelerating voltage for several plasma currents obtained using this wide beam source.
Experimental Results and Applications
Aiter establishing reliable operation of the source using our set-up, a series of measurements were made for comparison with those provided by the manufacturer. A systematic study was then undertaken to determine deposition rates for a variety of materials common to nuclear target production. Applications involving ion milling were also investigated and a series of measurements performed.
Sputter Deposition Rates and ion Milling Rates
Results are presented here from an investigation of deposition rates obtained using this wide beam ion source having argon as the sputtering gas for a variety of materials. The operating parameters of the source for this study were 8 kV accelerating potential, a partial pressure of argon of 12x1 0 ' 5 torr, and a plasma current of 2 mA. The beam currents measured varied between 45 and 50 uA averaged over the 1 hour duration of the deposition. Table 1 gives these sputtering rates and compares them with data previously published by the manufacturer of this ion source [IO]. As the sputtering conditions vary considerably, these rates have been normalized to the rate obtained for copper.
The results obtained are, in some instances, substantially greater for this wide beam source.
As the main purpose intended for this source was for ion milling and etching applications, a series of rate measurements were performed, this time employing krypton in the ion source. Table II shows the results of these measurements for a variety of materials. The source was operated at 8 kV applied voltage and 2 mA plasma current. The partial pressure of krypton was I -~x~O -~ torr. Beam currents obtained using krypton averaged closer to 40 uA as compared with 45-50 uA obtained using argon. The estimated erosion, or ion milling rate is based on the material consumption obtained using the deposition rate measured, determined by careful weighing of the glass substrate, and the geometry of the set-up. For this purpose, the angular distributicn cf the sputtered material is assumed to be cosinusoidal.
This assiim7:ion is not without merit as earlier studies have shown, and is bassd L~O T :ne calculations of tvlaier [4] . A more precise determination of the ermion mui:: be obtained by accurateiy weighing the sputtered target foil before and zfter the milling process, thus measuring the amount of material ejecred. I r?z statistical uncertainties in these measurements is not easy to es:ablisn. t h s main errors encountered being the precise duration time and the difficulties ar.sing from weighing microgram quantities. For the results przsentzd k si?, saveral measurements were made. The deposition rates observed ccmpare favorably with published data available from other laboratories using the fine beam saddle field source (see for example Ref. [I 11 ).
7'
Other Applications
Besides the ion milling applications already discussed for the thinning of target foils beyond that achieved by mechanical rolling, a number of other applications are under investigation. This wide beam source has been used for the removal of oxide layers from targets, making them available for reuse. This method was recently employed for Pb stopper foils for experiments at GAMMASPHERE. Another application being explored involves ion cleaning of carbon deposits from foils that have been irradiated by heavy-ion beams. Future efforts will be to investigate substrate surface preparation for enhanced bonding of target materials during deposition.
5.
Conclusions
In conclusion, this wide beam saddle field ion source affords us a valuable new technique for nuclear target development and should find widespread use within the target community. It complements the use of the fine beam source already established in applications involving large sputtering areas such as for ion milling and etching.
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